We report a patient with Prader-Willi syndrome (PWS) and mosaicism for a de novo jumping translocation of distal chromosome 15q, resulting in partial trisomy for 15q24-qter. A maternal uniparental heterodisomy for chromosome 15 was present in all cells, defining the molecular basis for the PWS in this patient. The translocated distal 15q fragment was of paternal origin and was present as a jumping translocation, involving three different translocation partners, chromosomes 14q, 4q, and 16p. The recipient chromosomes appeared cytogenetically intact and interstitial telomere DNA sequences were present at the breakpoint junctions. This strongly suggests that the initial event leading to the translocation of distal 15q was a non-reciprocal translocation, with fusion between the 15q24 breakpoint and the telomeres of the recipient chromosomes. These observations are best explained by a partial zygotic trisomy rescue and comprise a previously undescribed mechanism leading to partial trisomy.
Prader-Willi syndrome (PWS) is caused by the absence of a paternal genetic contribution to chromosomal region 15ql 1-13, either through deletion on the paternal chromosome or through the presence of maternal uniparental disomy for chromosome 15 (UPD 15 mat).' 2 Other chromosomal aberrations have been reported in PWS, such as unbalanced translocations or a marker chromosome derived from chromosome 15, resulting in either a deletion in paternal chromosome 15ql [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] 1-13.4 We report here a patient with Prader-Willi syndrome carrying a jumping translocation resulting in a partial trisomy.
Subjects and methods CLINICAL DATA
The patient is a girl, the third child of healthy, non-consanguineous parents. Family history is negative with regard to mental retardation or congenital malformations. At the time of birth, the mother was 25 and the father 29 years old.
During pregnancy, fetal movements were reduced and there was polyhydramnios. She was born at term with a birth weight of 2200 g (3rd centile=2500 g). The neonatal period and infancy were characterised by severe hypotonia and major feeding difficulties, necessitating frequent hospital admission and nasogastric tube feeding. Weight gain was poor. Around the age of 2 years, she developed a marked change in feeding behaviour, with an increase in appetite. This led to the gradual development of obesity during childhood. At the age of 22 months, weight was 10 kg (3rd-25th centile), height 85 cm (50th centile), and head circumference 46 cm (3rd-25th centile). At the age of 10 years, weight was 42.5 kg (90th-97th centile), height 135 cm (25th-50th centile), and head circumference 52 cm (25th-50th centile). She suffered from recurrent urinary infections and at the age of 2 years unilateral vesicoureteral reflux was surgically corrected. Psychomotor development was severely delayed: she could sit at 2.5 years and walk at 3 years. First words appeared at 8 years. Now, at the age of 22 years, there is truncal obesity, with weight 73.5 kg (90th-97th centile), height 153 cm (3rd-25th centile), and head circumference 55 cm (75th centile). She is dysmorphic, with short hands (hand length 15.5cm and finger length 6.5 cm, both below the 3rd centile) and short feet, low set ears, and almond shaped eyes (fig 1) . The saliva is sticky and the teeth are carious. There is no hypopigmentation. The corners of the mouth are downturned and the palate is high arched. She is myopic. There is hypotonia, with genu valgum and dorsal kyphosis. She is severely mentally retarded and exhibits obsessive behaviour, temper tantrums, and skin picking. fig 3C) . This also confirmed that the translocated region in the unbalanced cells originated from the distal 15q region, with a breakpoint located between 15q22 (PMLcontrol probe) and 15q26.1 (FES locus).
The karyotypes of the parents and sibs were normal after G banding. (fig 4) . One of the alleles was not present in the mother and therefore almost certainly represents the paternal allele. Similarly, for marker D1 5S107, also on distal 1 5q, an allele not present in the mother was found in the patient. This is in contrast to the markers proximal to 15q24, where no alleles absent in the mother could be found (results not shown). In conjunction with the cytogenetic and methylation studies, these findings are fully consistent with a paternal origin of the translocated fragment of distal chromosome 15q.
Dosage analysis of the microsatellite markers FES and D15S107 showed that the paternal allele was present in the majority ofwhite blood cells, whereas in skin fibroblasts a lower dose of the paternal allele was found compared to the maternal alleles (fig 4) . This is in agreement with the cytogenetic findings, showing a partial trisomy for distal 1 5q in the majority of lymphocytes, but only in approximately 50% of fibroblasts (table 1) .
INTERSTITIAL TELOMERE SEQUENCES AT THE BREAKPOINT JUNCTION SITES
The distal part of chromosome 1 5q was translocated onto three different chromosomes, 14q, 4q, and 16p. FISH, using a telomere probe, showed the presence of two signals on all normal chromosomes, including the two chromosomes 15. On the chromosomes 14 and 4, carrying the translocated 1 5q fragment, three signals were detected, two at the telomeres and one interstitial signal ( fig 5) . These interstitial signals coincided with the junction sites between the translocated distal chromosome 15q fragment and the translocation partners. No metaphases with a 1 6p+ could be analysed.
Discussion
The patient reported here fulfils the diagnostic criteria of PWS according to Holm et al,'2 with the presence of all main clinical features and seven minor criteria. By conventional cytogenetics, mosaicism consistent with a jumping translocation of distal 15q and resulting in a partial trisomy for distal 15q was detected in both lymphocytes and in fibroblasts. This rearrangement must have occurred de novo as the karyotypes of both parents were normal. Maternal uniparental heterodisomy for chromosome 15 was present, explaining the PWS phenotype. This was shown by methylation analysis of the imprinted region on chromosome 1 5ql 1 and further supported by the analysis of polymorphic microsatellite markers, distributed along chromosome 15. On top of There are several different possible explanations for these observations. In a first possible mechanism, translocation of the distal 1 5q fragment to another chromosome coincides with the process of trisomy rescue (fig 6) . During subsequent cell divisions, this fragment is then translocated to other chromosomes, that is, a real jumping process (fig 6) . This mechanism has been proposed before.3 The euploid 46,XX cell line could be the result of the loss of the distal 1 5q chromosomal fragment during the jumping process ( fig 6,  step 3) . Alternatively, an independent trisomy rescue event might have occurred in a different cell line with the loss of an entire paternal chromosome 15 (fig 6, step 4) 
